Introduction
There is mounting concern that economically disadvantaged populations, including a disproportionate number of African Americans, Native Americans, and Hispanics, bear a higher-than-average burden from exposure to pollution Ž and related environmental health risks U.S. GAO, 1983; United Church of Christ, 1987; U.S. EPA, 1992b; Sexton and Anderson, 1993; Sexton et al., 1993; Executive Order, . 1994; Kuehn, 1996; Sexton, 1997 . The science and policy issues associated with this topic are typically discussed under the rubric of 'environmental justice', where environmental justice refers to the goal of achieving adequate protection from the harmful effects of pollution for everyone, regardless of age, culture, ethnicity, gender, race, or Ž . socioeconomic status Sexton and Anderson, 1993 . Although there is a growing literature on environmental justice, the scarcity of adequate and appropriate data, especially for exposures and related health effects, seriously hinders ongoing efforts to evaluate this issue rigorously and systematically. Most of the published literature consists of anecdotal case studies or observational studies that have tended to find positive statistical correlations between sociodemographic characteristics of populations Ž . i.e., lower socioeconomic status and ethnicityrrace and residential proximity to pollution sources, such as waste Ž sites and industrial plants Bullard, 1983; Gould, 1986; United Church of Christ, 1987; Goldman, 1991; Mohai and Bryant, 1992; Greenberg, 1993; Burke, 1993; Bowen et al., 1995; Glickman et al., 1995; Heitgerd et al., 1995;  . Perlin et al., 1995; Sui et al., 1995 . A few studies have also found similar positive correlations for estimated in-Ž . dustrial air pollution emissions Perlin et al., 1995 and Ž measured ambient air pollution concentrations Gelobter, . 1989; Nieves and Nieves, 1992 . Ž . Perlin et al. 1995 point out that these kinds of observational studies must be interpreted with caution because the results are dependent on several key methodological Ž . issues: a selection of the geographical unit of analysis Že.g., block groups, tracts, zip codes; areal rings based on . Ž distance from a source Anderton et al., 1994a,b; Bowen . Ž . et al., 1995; Glickman et al., 1995; Sui et al., 1995 ; b designation of a 'reference' population for purposes of Ž . comparison e.g., whites only, whites plus all other groups ; Ž . c choice of statistical tests for evaluating differences Ž . among population subgroups; and d assumptions about Ž how indirect surrogates for exposure e.g., residential prox-. imity to potential pollution sources relate to actual expo-Ž . sures experienced by people Sexton et al., 1992 . This study examines relationships among the location of Ž . Toxics Release Inventory TRI facilities, their total annual air emissions, and sociodemographic characteristics of surrounding populations defined by concentric rings of 0-0.5, 0.5-1.0, 1.0-1.5, 1.5-2.0 and 2.0-3.0 mile radius around each TRI facility. We have used both existing procedures Ž . Glickman, 1994; Glickman et al., 1995; Sui et al., 1995 , Ž as well as new approaches to examine race black com-. Ž pared to white and poverty status household earnings . above or below poverty line of populations relative to the location of single and multiple TRI facilities. These analyses are conducted for three different geographic locations: Ž . 1 the industrialized area of Kanawha Valley, West Vir-Ž . ginia; 2 the industrial corridor along the lower Mississippi River from Baton Rouge to New Orleans, Louisiana; Ž . and 3 the metropolitan area of Baltimore, Maryland. Ž . are sample data approximately 1 in 6 households , not Ž . whole 100% population counts, and are aggregated to the Ž . block group BG level. We were limited to using data from STF3A, since the BG is the smallest Census aggrega-Ž tion that links racerethnicity, socioeconomic status e.g., . poverty level and household income , and age. After examining the racial and ethnic composition of the three study areas, we decided to limit the current analysis to blacks and whites, since the other racerethnic groups made up a Ž relatively small percentage of the total populations see . Table 1 .
Methods
Estimates of industrial air emissions were obtained from the Toxics Release Inventory for the year 1990. The 1990 TRI includes information on about 320 individual chemicals and chemical categories for all U.S. manufacturing Ž . facilities that meet the following criteria: a employ 10 or Ž . more full-time employees; b are included in the Standard Ž . Ž . Industrial Classification SIC codes 20-39; and c manufacture, process, or import more than 25,000 pounds annually, or otherwise use more than 10,000 pounds annually, Ž . of any reportable toxic chemical U.S. EPA, 1989 U.S. EPA, , 1992c . Companies subject to TRI reporting requirements must Ž report to the EPA the total annual amounts including . routine releases and accidental spills or leaks of all listed chemicals that are released directly to the air, water, land, Ž . or injected into underground wells U.S. EPA, 1991a . It is important to note that in each of the three study areas, the TRI facilities represent just one component of the total air pollution sources. Each study area has many other industrial facilities that do not meet the TRI reporting requirements and as a result are not in EPA's inventory of TRI Ž . facilities and are not included in this study . Each study area also has power generating facilities, many commercial Ž . facilities such as gasoline stations and dry cleaners and mobile sources, all of which may contribute to air pollution levels but which are not considered in our analysis. Ž . The geographic locations i.e., latitude, longitude of TRI facilities often are reported to EPA with varying degrees of accuracy and need to be verified for analysis Ž below the county level Hanna, 1993; Talbot, 1993; Perlin . et al., 1995 . The location information for all TRI facilities Ž . used in this study underwent a quality assurance QA process to help ensure that the most accurate coordinates available were used. The QA process is described else-Ž . where U.S. EPA, 1991b EPA, , 1992d . When the best available coordinates were determined, they were used to produce an ARCrINFO point coverage. Facility and emissions information files were created in a relational database structure Ž that allows attribute information i.e., volume of emissions, . types of chemicals released and TRI facility locations to be used together in a GIS-based analysis.
Defining Study Area Boundaries and DeÕeloping Population Estimates
Ž . The boundaries of the three study areas see Figures 1-3 were defined as follows. First, where TRI facilities were clustered along a natural feature, such as a river valley, we selected upstream and downstream boundaries to capture all TRI sources that were in reasonable proximity to each other. This is the approach used for both the Kanawha Ž . River valley West Virginia and Mississippi River valley Ž . between Baton Rouge and New Orleans Louisiana . Where there was no clustering along a natural feature, as in the Baltimore greater metropolitan area, the study area was defined to include all TRI facilities in the City of Balti-Ž more and the three adjacent counties Baltimore, Howard . and Anne Arundel counties . Second, four concentric half-mile-wide circles with radii of 0.5, 1.0, 1.5 and 2.0 miles, respectively, and an additional 1-mile-wide circle at 3 miles, were drawn around each facility location, assuming that the TRI point location represented the center of the emission source. As indicated in Figures 1-3 , the study areas were discontinuous wherever two adjacent TRI facilities were more than 6 miles apart.
Using ARCrINFO, we overlaid the concentric halfmile-wide rings and the 1-mile-wide ring on the census Ž . block group BG polygons in order to estimate population counts within the study area. There are several different approaches that can be used to estimate the population at a Ž given point in time, for a specific geographic entity U.S.
. EPA, 1990a . The method we used is similar to that We assumed that populations were distributed evenly within census BGs, excluding bodies of water. Population counts were made for each BG polygon that fell completely or partially within each ring. For BG polygons falling partially within a ring, we calculated the population based on the percentage of the BG land area encompassed within a particular ring. For example, if 40% of the land area of a BG fell within the 0-0.5-mile ring of a facility, then 40% of each population subgroup of interest was counted in that first half-mile ring. Figure 4 illustrates the process we used for estimating the population within 1 mile of a single TRI facility. The approach for estimating the populations residing within 2 miles of two facilities is illustrated in Figure 5 .
Description and comparison of the three study areas
The three study areas were chosen, a priori, to reflect different geographic regions of the country and a range of Ž population characteristics e.g., urbanrrural mix, percent-. Ž age of African Americans and TRI characteristics e.g., number and type of facilities, amount of total annual air . releases .
Kanawha Valley
Ž The Kanawha Valley, West Virginia study area see Figure  . 1 is the smallest of the three study areas, having 18 TRI facilities and about 127,000 people located within a 143-square-mile site that stretches about 30 miles along the Kanawha River. Ware et al., 1990 .
There has been much interest in evaluating and controlling the industrial emissions in this area, with studies of Ž the problem going back more than 40 years U.S. DHEW, 1970; NICS, 1987; U.S. EPA, 1987; Cohen et al., 1989 Cohen et al., , 1991a Sullivan et al., 1989a,b; Trauth, 1990; Ware et . al., 1990; Ozkaynak et al., 1992 . The predominant type of industry in this study area is chemical manufacturing, with production, storage and transport of many organic chemicals and ferro-alloy and lead production. Many of the chemical facilities have their own coal or oil-fired heating Ž . and power-generating units Cohen et al., 1991a . Other sources of air pollutants, which are not accounted for in this analysis, include mobile sources associated with three interstate highways, trains that run along the numerous Ž train tracks, and barge traffic along the river Cohen et al., . 1991a .
Most of the people who live in the study area are clustered around the four major industrial centers of Nitro, Institute, CharlestonrSouth Charleston, and Belle. The largest proportion of the population lives in the Charleston and South Charleston areas.
Baton Rouge-New Orleans Corridor
The corridor along the Lower Mississippi River between Baton Rouge and New Orleans is the most heavily indus-Ž . trialized area in Louisiana see Figure 2 . The study area has 126 TRI facilities, numerous Superfund and hazardous waste sites, many non-TRI industries and about 1.2 million people located within a long, narrow geographical area Ž . 962 square miles that extends for about 107 miles along the Mississippi River. This study area contains many industry clusters and a broad range of sizes and types of TRI plants. The predominant types of industry are petrochemi-Ž . cal including oil refineries and petrochemical plants , Ž chemical manufacturing, and natural gas production LAC, . 1993; U.S. EPA, 1993 . Ž There are two densely populated urban areas Baton . Rouge and New Orleans at either end of the study area, with many low-density rural areas, some of which are agricultural and some of which are wildlife and designated wetlands, in between. There are pockets of moderately dense populations mixed in with the low density rural Ž . areas Police Jury of Parish of Iberville, 1993 . Levels of air and water pollution are relatively high in the lower Mississippi River area, and there is longstanding concern about environmental problems and potential adverse health Ž effects for residents U.S. EPA, 1990b EPA, , 1993 LAC, 1993; . Lindsey, 1993 . Previous studies have shown that in much of the industrial corridor, residential communities, often poor and predominantly African American, are located next to refineries and petrochemical plants. Environmental justice activists sometimes refer to the corridor as 'cancer alley', and often cite it as a prime example of 'environ-Ž . mental injustice' LAC, 1993 .
Baltimore Greater Metropolitan Area
Ž The metropolitan area of Baltimore, Maryland see Figure  . 3 has 122 TRI facilities and a population of approximately 1.6 million people within the 542-square-mile study area. There are hundreds of commercial and industrial Ž facilities located throughout the inner-city U.S. EPA, . 1996 . Compared to the other two study locations, the Baltimore metropolitan area is primarily an urban setting and the local TRI sources tend to release smaller amounts of air emissions, with about two-thirds emitting less than 10,000 lbsryr. Roughly half of the TRI facilities are located in the City of Baltimore and the rest are scattered throughout the surrounding counties of Howard, Anne Arundel and Baltimore. Unlike the other two study locations, TRI facilities are not clustered along a river, but rather are spread throughout the metro area.
Issues about environmental quality and related health impacts in the Baltimore metropolitan area have been raised and studied for many years. Recently the Baltimore Ž . Urban Environmental Initiative U.S. EPA, 1996 was started to identify and rank areas of disproportionate risk in the City in order to implement activities to eliminate or Ž . reduce these risks U.S. EPA, 1996 .
Comparison of the Three Sites
A comparison of the populations residing in each of our three study areas, including the populations of the relevant counties and states, is presented in Table 1 . Based on Ž . comparisons of a race, age and household income of Ž . residents, and b characteristics of TRI facilities, there are clear differences among the study areas.
The Kanawha Valley study area has 126,653 residents, which is 51% of the population residing in the surrounding counties and 7% of the population of West Virginia. The Baton Rouge-New Orleans corridor has a population of 1,159,968, which is 76% of those residing in surrounding Figure 4 . Estimation of population surrounding one TRI facility. For TRI Ž . facility X and Block Groups BG 1, 2 and 3, the population estimated to be within 1 mile of facility X is calculated as: P s P q P q P , where
the circle is centered on the facility X location and has a radius of 1 mile; P sestimate of population within 1 mile of facility X; P s population counties and 28% of the population of Louisiana. The Baltimore metropolitan study area has a population of 1,563,415, which is 58% of residents of the surrounding counties and 32% of Maryland's population. Population density varies from 911 people per square mile in the Kanawha Valley study area, to 1335 in the Baton RougeNew Orleans corridor, to 3102 in the Baltimore metropolitan study area.
Race r Ethnicity of Residents
The population in the Kanawha Valley study area is Ž . predominately white 90% , while the Baton Rouge-New Orleans corridor study area and the Baltimore metropolitan study area each have a much higher percentage of blacks Ž . 42.4% and 34.1%, respectively . In the Baton Rouge-New Orleans corridor, the ratio of whites to blacks is 1.3, while the ratio is 1.6 in the surrounding counties. This ratio is considerably lower than the ratio of 2.2 in the State of Louisiana. The ratio of whites to blacks in the Baltimore metropolitan area is 1.9, while it is 1.8 in the surrounding counties, and 3.1 in the State of Maryland. In Kanawha Valley, the ratio of whites to blacks is 10, which is considerably lower than the ratio of 17 in the surrounding counties and the ratio of 32 in the State of West Virginia. Thus, in all three study areas the ratio of whites to blacks is considerably lower than the ratio in the relevant state.
Percentage of Children and Elderly in the Population
The percentage of children and the elderly in the population is of interest because, for many environmental pollutants, they are likely to be more susceptible to related Ž . adverse health effects Sexton, 1997 . Of the three study areas, Kanawha Valley had the lowest percentage of chil-Ž . dren under the age of 6 years old 7.3% , and the highest Ž . percentage of adults 65 years and older 16.4% . The highest percentage of children under 6 years live in the Ž . Baton Rouge-New Orleans corridor 9.5% , while the Ž . percentage of adults 65 years and older 11.4% is intermediate between the other two study areas. The percentage of children under 6 years in the Baltimore metropolitan area is 9.0%, while the percentage of adults 65 years and older is 12.5%, the highest of the three study areas. The percentage of the population under age 6 is roughly the same in the study area, the surrounding counties and the relevant state for Kanawha Valley and Baton Rouge-New Orleans. In the State of Maryland almost 14% of residents are less than 6 years old while the corresponding value is 9% in the Baltimore metropolitan area and surrounding counties. The percentage age 65 and over is higher in all three study areas than the surrounding counties and the relevant state. Ž . For TRI facilities X and Y and Block Groups BG 1, 2 and 3, the populations within 2 miles of either X or Y, or within 2 miles of either one or two facilities are calculated as: P s P q P q P q P ; P s P
where each circle has a radius of 2 miles and one circle is centered on the location of facility X and the other circle is centered on the location of facility Y, P sestimation of population within 2 miles of Facility X, 
Percentage of Population by Household Income
As reflected in Table 1 , the percentage of households in various income categories is similar for the Kanawha Valley and Baton Rouge-New Orleans study areas. In the Baltimore metropolitan study area, the distribution of household incomes is shifted toward higher values. For example, the Baltimore study area has a smaller percentage of households with annual incomes less than US$15,000, i.e., 22% versus 35% in the Baton Rouge-New Orleans corridor and 32% in Kanawha Valley study areas. Conversely, in the Baltimore study area, 10% of household incomes are greater than US$75,000, while the comparable figure in the other two study areas is about 6%.
Percentage of Population LiÕing Below the PoÕerty Line
The Census Bureau considers size of the family, number of children in the family under 18 years of age, and age of the head of the household in order to calculate the value of the poverty line. For the 1990 Census, the Bureau calculated the weighted average value of US$12,674 as the poverty line for a family of four. The weighted average value of the 1990 poverty line ranges from US$6310 for a family of Ž one, to US$26,480 for a family of nine or more U.S.
. Census Bureau, 1990 . Based on this definition, the Baltimore metropolitan area has the lowest percentage of peo- For all three study areas, the percentage of African Americans below the poverty line is greater compared to the percentage of whites below the poverty line. The ratio of the percentage of African Americans to whites below the poverty line is 4.2 in the Baton Rouge-New Orleans corridor, 3.6 in the Baltimore metropolitan area, and 2.7 in the Kanawha Valley. The rank order is the same for the Ž . Ž . three states, Louisiana 3.4 , Maryland 3.4 , and West Ž . Virginia 1.9 , and for the relevant counties, Baton Ž . Rouge-New Orleans corridor counties 4.1 , Baltimore Ž . Ž . counties 3.1 , and the Kanawha Valley counties 2.5 .
Characteristics of TRI Facilities
The three study areas differ markedly in the number and characteristics of local TRI facilities, as shown in Table 2 .
Ž . The total number of TRI plants in Kanawha Valley 18 is significantly less than the number in the Baton Rouge-New f Values indicate the number of TRIs with total air releases in the specified range and the percentage of the total number of TRIs that this represents. The categories of releases ) 500,000 lbsryr and ) 1 M lbsryr are not mutually exclusive, so that some facilities are included in both categories; therefore percentages do not sum to 100%.
Ž . Ž .

Journal of Exposure Analysis and Enzironmental Epidemiology 1999 9 1
Ž .
Orleans corridor 126 and the Baltimore metropolitan area Ž . 122 . The three study areas are more similar; however, when one considers the number of TRI facilities per square mile of study area: 0.13 for Kanawha Valley; 0.13 for the Baton Rouge-New Orleans corridor; and 0.22 for the Baltimore metropolitan area.
All three study areas are heavily industrialized and contain a substantial fraction of the TRI facilities and TRI air releases in their respective states. The Kanawha Valley study area, which has 7% of the total population of West Virginia, contains 18% of the state's TRI facilities and accounts for 27% of the total TRI air releases for the state. The Baton Rouge-New Orleans corridor has 28% of Louisiana's population and 40% of the state's TRI facilities, which account for 64% of the state's total TRI air releases. The Baltimore metropolitan area has 32% of Maryland's population and 53% of the state's TRI facilities, which contribute 55% of the state's total TRI airborne releases.
In 1990, the total airborne releases from TRI plants in the Baton Rouge-New Orleans corridor was 67,607,435 lbs, approximately 9 times greater than the total for the Ž . Baltimore metropolitan area 7,061,479 lbs and the total Ž . for Kanawha Valley 7,663,239 lbs . Based on total air Ž . releases see Table 2 , the Baltimore study area contains Ž . predominately lower emitting e.g., smaller facilities relative to the other two study areas. For example, 62% of the TRI facilities in the Baltimore metropolitan area release less than 10,000 lbsryr of TRI chemicals, compared to 33% in the Baton Rouge-New Orleans corridor and 28% in Kanawha Valley. In contrast, 18% of the TRI facilities in the Baton Rouge-New Orleans corridor and 28% in Kanawha Valley release more than 500,000 lbsryr, compared to just 3% in the Baltimore metropolitan area. Total air releases are reported by the TRI as either fugitive or stack emissions. Fugitive emissions constitute more than half the total air emissions from the Kanawha Valley Ž . Ž . 55% and Baltimore metropolitan study areas 58% , but only 16% from the Baton Rouge-New Orleans corridor study area.
Total annual air releases for the TRI facilities in each of the three study areas are summarized in Table 3 for the following four chemical categories: total hazardous air Ž . pollutants HAPs as defined by the 1990 amendments to the Clean Air Act; total synthetic organic chemicals from Ž . the manufacturing industry SOCMI ; total chemicals classified by the TRI as carcinogens; and total chemicals classified by the TRI as metals or metal compounds. These categories are not mutually exclusive, so percentages do not sum to 100 by study area. As shown in Table 3 . as identified by the TRI also make up a relatively small proportion of the total air releases in each study area, approximately 10% for Kanawha Valley, 5% for Baton Rouge-New Orleans corridor, and 5% for the Baltimore metropolitan area. Table 3 also provides information about which chemicals predominate in each of the five release categories by study area. Figure 6 . Cumulative distribution of race by residential distance from the nearest TRI. Values indicate the cumulative distribution of whites and blacks by residential distance from the nearest TRI facility. In the Baltimore metropolitan study area, 388,150 whites, or 32.9% of all the whites in the study area, live within 1 mile of the nearest TRI, compared to 247,377 blacks, or 46.4% of all the blacks in the study area.
Ž . Ž .
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Results
The subsequent discussion summarizes key findings re-Ž . Ž lated to race black compared to white , poverty individu-. als living below or above the poverty line , and residential proximity to one or more TRI facilities.
Race and Proximity to Nearest TRI Facility
In all three study areas, a larger percentage of blacks compared to whites live within 0.0-0.5 miles, 0.5-1.0 miles, and 1.0-1.5 miles of the nearest TRI facility. Conversely, a smaller percentage of blacks compared to whites live 1.5-2.0 miles and 2.0-3.0 miles from the closest TRI plant. In an approach similar to that used by Waller et al. Ž . 1997 , we have used cumulative distribution functions to compare residential proximity to TRI facilities for white and African American populations. The cumulative probability distributions for whites and blacks as a function of residential proximity to the nearest TRI facility are shown in Figure 6 for all three study areas. The shapes and relative positions of the pairs of curves were similar for all three study areas, indicating that blacks tend to live closer to the nearest TRI facility than whites. It is important to note that the cumulative distribution curves also show that a substantial proportion of both races live in relatively Figure 7 . Ratio of black to white population as a function of residential distance from nearest TRI. Values indicate the ratio of the black:white population at the specified residential distances from the nearest TRI facility. In Kanawha Valley, the ratio of black:white population is 0.13 for people living within 0.5 mile of the nearest TRI source.
Ž
. Ž . Journal of Exposure Analysis and Enzironmental Epidemiology 1999 9 1 close proximity to a TRI facility. The data indicate that 30% of whites and 40% of African Americans live within a mile of the nearest TRI facility in Kanawha Valley as compared to 22% of whites and 29% of African Americans in the Baton Rouge-New Orleans corridor, and 39% of whites and 46% of blacks in the Baltimore metropolitan area.
. The Kolmogorov-Smirnov K-S goodness of fit test was used to compare the cumulative probability distributions for whites and blacks as a function of residential distance from the nearest TRI facility. The results of the K-S test, which compares the maximum absolute difference between two cumulative probability distributions, found a statistically significant difference between the cumulative distributions of whites and African Americans for all three study areas.
It is useful to consider that there are several nonparametric tests available for testing the null hypothesis that there is no difference between two distinct distributions. Ž These tests include the K-S two-sample test Gibbons, . 1985 that we used to compare the cumulative distributions shown in Figure 6 . Technically, the distributional theory Ž . K-S test was developed for continuous distributions but, Ž . as indicated by Goodman 1954 , the test is conservative when applied to discrete data, such as those in our study. When the K-S test clearly rejects the hypothesis of distributional equity this conservatism is not a problem. Experience has shown that for real-world problems involving Figure 9 . Cumulative distribution of population by poverty status and residential distance from the nearest TRI. Values indicate the cumulative distribution of the populations above and below the poverty line by residential distance from the nearest TRI facility. In the Baltimore metropolitan study area, 533,192 people above poverty, or 39.1% of all those above poverty, live within 1 mile of the nearest TRI compared to 116,807 people below poverty, or 57.9% of all those below poverty.
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The ratio of the number of black residents to the number of white residents in each concentric distance ring is plotted for the three study areas in Figure 7 . For all three study areas, the ratio of blacks to whites is greater at 0-0.5 miles compared to the ratio at 2.0-3.0 miles. For both the Kanawha Valley and Baton Rouge-New Orleans study areas the ratio of blacks to whites steadily decreases with increasing distance from the nearest TRI facility. The same pattern is seen in the Baltimore study area, except at the 0.5-1.0 and 1.0-1.5 mile distance rings, where the ratio of blacks to whites increases above the ratio seen at the 0-0.5 mile ring. Figure 8 presents a comparison of how the total number of people who are classified as living either above or below the poverty level distribute themselves across the distance rings. In all three study areas, a higher percentage of those below poverty live within 0.0-0.5 miles, 0.5-1.0 miles, and 1.0-1.5 miles of the nearest TRI than the corresponding percentages for those above poverty. Conversely, a lower percentage of those below poverty live 1.5-2.0 miles and 2.0-3.0 miles from the closest TRI plant compared to those above poverty.
PoÕerty and Proximity to Nearest TRI Facility
The cumulative probability distribution of people above or below poverty, as a function of residential proximity to the nearest TRI facility, is shown for all three study areas Figure 11 . Ratio of black to white population as a function of residential distance to multiple TRI facilities. Values indicate the ratio of the black:white population for those living within 2 miles of the specified number of TRI facilities. In the Baltimore Metropolitan study area, the ratio of blacks:whites is 0.57 for people living within 2 miles of two TRI facilities.
Ž
. Ž . Journal of Exposure Analysis and Enzironmental Epidemiology 1999 9 1 in Figure 9 . The differences between the pairs of curves for each distance ring were greatest for the Baltimore study area and smallest for the Baton Rouge-New Orleans study area, with the Kanawha Valley being intermediate. The shapes and positions of the pairs of curves for each study area indicate that people below poverty tend to live closer to the nearest TRI facility than people above poverty. The K-S test showed a statistically significant difference between the cumulative distributions for people above and below poverty in each study area.
These cumulative distribution plots also show that a substantial proportion of the study populations, whether 
. Ž . Journal of Exposure Analysis and Enzironmental Epidemiology 1999 9 1 they were living above or below poverty, reside in relatively close proximity to a TRI facility. The data indicate that 30% of people above poverty and 39% of people below poverty live within a mile of the nearest TRI facility in Kanawha Valley. In the Baton Rouge-New Orleans study area the corresponding values were 24% and 28%, and in the Baltimore study area the values were 39% and 59%.
Race and Proximity to Multiple TRI Facilities
Because all three study areas have many TRI facilities located relatively close together, residents often live near several TRI sources. Seventy-five percent of the total population in the Kanawha Valley study area, 65% in Baton Rouge-New Orleans, and 79% in the Baltimore metropolitan area live within 2 miles of more than one TRI facility. In Figure 10 the percentage distribution of whites living within 2.0 miles of 0, 1, 2, 3, 4 or more TRI facilities is compared to the percentage distribution of blacks for each study area. From the graphs it is obvious that in all cases a higher percentage of whites compared to blacks reside within 2.0 miles of zero TRI facilities, while a higher percentage of blacks compared to whites reside within 2.0 miles of three or more TRI sources. Findings also show that a substantial percentage of both races live within 2 miles of four or more facilities: 25% of whites and 30% of blacks in Kanawha Valley; 17% of whites and 22% of blacks in the Baton Rouge-New Orleans corridor; and 34% of whites and 49% of blacks in the Baltimore metropolitan area.
Cumulative probability distributions of whites and blacks as a function of residential proximity to multiple TRI facilities show a consistent picture across all three study areas. These distributions indicated that whites are more likely to live closer to smaller numbers of facilities and blacks are more likely to live closer to larger numbers of facilities. The K-S test showed a statistically significant difference between the cumulative distribution plots for whites and blacks in all three study areas.
The ratio of black to white residents living within 2 miles of multiple TRI facilities is plotted in Figure 11 for each study area. There is a similar trend in all three locations, with the black-to-white ratio increasing as the number of facilities within 2 miles of the residence increases from 0 to 3. The ratio then decreases, slightly in Kanawha Valley and the Baton Rouge corridor and more dramatically in the Baltimore study area, for populations living within 2 miles of four or more facilities.
PoÕerty and Residential Proximity to Multiple TRI Facilities
In Figure 12 the relative percentages of people classified above or below the poverty line are compared according to the number of TRI facilities within 2 miles of their residence. For example, in Kanawha Valley about 19% of those below poverty versus 26% of those above poverty live within 2 miles of no TRI facilities, 12% below versus 16% above live within 2 miles of one facility, 30% below versus 25% above live with 2 miles of two facilities, 10% below versus 10% above live within 2 miles of three facilities, and 30% below versus 22% above live within 2 miles of four or more facilities. In all three study areas, a higher percentage of those above poverty compared to those below poverty reside within 2 miles of no TRI sources, while a higher percentage of those below poverty compared to those above poverty reside within 2 miles of four or more TRI facilities.
Cumulative probability distributions for people above and below poverty as a function of residential proximity to multiple TRI facilities revealed a consistent picture across all three study areas. These distributions indicated that people earning more than the poverty level tend to live closer to smaller numbers of facilities and people earning less than the poverty level tend to live closer to larger numbers of facilities. The K-S test showed a statistically significant difference between the cumulative distributions for people above and below poverty in each study area.
Despite these apparent differences according to poverty classification, it is important to note that a substantial Ž percentage of both groups above and below the poverty . Ž line live within 2 miles of four or more facilities 24% of people above poverty and 29% of people below poverty in Kanawha Valley; 18% of those above poverty and 23% of those below poverty in the Baton Rouge-New Orleans corridor; 36% of those above poverty and 63% of those . below poverty in the Baltimore metropolitan area . Furthermore, for all three study areas greater than 70% of people residing within 2 miles of 0, 1, 2, 3, 4 or more TRI facilities are classified as above the poverty line. Each study area did, however, exhibit similar trends: the percentage of those above poverty tended to decrease and the percentage of those below poverty tended to increase as the number of TRI facilities within 2 miles of the residence increased.
Summary and conclusions
We have presented initial analyses of the spatial relationships between the location of TRI facilities and the race and poverty status of populations living nearby. The three study areas were selected because they were deemed to be Ž . Ž . different based on a geographic location, b the nature Ž . and number of TRI facilities, and c the sociodemographic characteristics of local populations. Yet despite obvious Ž . Ž . Journal of Exposure Analysis and Enzironmental Epidemiology 1999 9 1 differences between the study areas, several important similarities and patterns emerged.
Ø In all three locations, the percentage of African Americans living in the study area was greater than the percentage living in the relevant state. In the Kanawha Valley and Baton Rouge-New Orleans corridor, the percentage of African Americans in the study population was also much greater than the percentage living in the surrounding counties.
Ø All three study areas are heavily industrialized and each had a disproportionately large percentage of its state's TRI facilities and total TRI air releases.
Ø For each study population, a much higher percentage of blacks compared to whites reside in households that are classified below the poverty line. This same pattern was observed in the relevant states and counties.
Ø In each location, as the residential distance from the nearest TRI facility increased, the percentage of whites and the percentage of people classified as living above poverty tended to increase while the percentage of blacks and the percentage of those below poverty tended to decrease.
Ø In each study area, as the number of TRI facilities located within 2 miles of the residence increased, the percentage of whites and the percentage of those classified above the poverty line tended to decrease while the percentage of blacks and the percentage of those classified below poverty tended to increase.
These results, while provocative, are not definitive and represent only the first step in an objective and rigorous analysis of the spatial relationships between TRI facilities and socioeconomic status and ethnicityrrace of local populations. It is important to keep in mind, for example, that the current data do not provide information on temporal trends. We do not know whether the observed differences are stable or changing over time, nor do we know whether observed disparities occurred before or after siting of pollution sources.
Perhaps most importantly, we do not know the nature of the relationship, if any, between residential proximity of TRI facilities and actual exposures to air pollution. It is common, for instance, to assume that living near one or more TRI facilities increases environmental health risks. Yet this assumption is actually more of a hypothesis, albeit a plausible one, which remains to be tested by rigorous scientific analysis. In point of fact, there are many potentially negative consequences besides elevated exposures that are likely to be associated with living next to industrial emission sources, including odors, noise, traffic, con-Ž . taminated soil e.g., brown fields , inferior housing, fewer Ž . amenities e.g., parks, libraries , less safe neighborhoods, and poorer environmental quality. In the absence of evidence to the contrary, it seems reasonable, therefore, to assume that the closer people live to industrial sources of pollution the lower the quality of their environmental and the less healthful their living conditions.
In future studies we will examine, among other things, the link between race and poverty status, and variations in age and household income according to distance from TRI sources. The goal of this and future studies is to increase our knowledge about sociodemographic characteristics of populations residing near industrial sources of air pollution, and thereby improve our understanding of the extent to which low-income groups and people of color bear a disproportionate burden of environmental health risks.
